HeLa, COS-7, HEK 293T, MCF-7 and SH-SY5Y cells were cultured in minimum essential medium Eagle (MEME, # M4655, Sigma) solution supplemented with 8.8-10% FBS, 1% NEAA (non-essential aminoacids), 1% GlutMax, 1% penicillin-streptomycin and 1% sodium pyruvate at 37°C under 5% CO2. For transfection, 5000-10000 cells were seeded in each well of an 8-well imaging tissue culture chamber (ibidi µ-Slide ibiTreat, or SARSTEDT x-well slide) prior to transfection using X-treme GENE HP DNA transfection reagent (REF: 06366236001, Roche). Dimerizer treatment and microscopic analysis were performed ~24h post transfection.
Microscopy and photo-uncaging
Confocal laser scanning microscopy (CLSM) was performed using the inverted confocal microscopes Zeiss On the Leica SP5 microscope, photo-uncaging was typically performed using ~180 µW laser power (@ 100% 
Image analysis and data regression
Microscopic images were analyzed and processed with ImageJ (NIH, Bethesda) and prepared for presentation using Microsoft PowerPoint. Image manipulations were restricted to adjustment of brightness levels, cropping, background subtraction, scaling and false color-coding using LUTs. Pearson's correlation coefficient (PCC) was employed for colocalization analysis using the "Manders_Coefficients.class" plugin for Image-J (http://wwwfacilities.uhnresearch.ca/wcif/software/Plugins/Manders_Coefficients.html) with the images set at 8 bit. Sigma-Plot and Microsoft Excel were used for plotting, data fitting and statistical analysis.
Unless stated otherwise in the corresponding figure legends, sample size for microscopy-based analyses was based on performing at least three independent biological replications. Measurements from all experimental manipulations were included in the statistical analyses, unless stated otherwise. Student's ttests were used to compare two experimental conditions. In most cases, paired t-tests were performed, in which measurements were linked, as for example concerning pre-versus post-uncaging conditions for the same cell. Otherwise, unpaired tests were used. Stars denote P-values for indicated statistical tests (*:
P<0.05, **: P<0.01, ***: P<0.001; ****: P<0.0001, n.s.: not significant).
Procedures for multi-directional activity control:
In the "parallel MAC" approach, after the treatment of NvocTMP-Cl (5 μM, 1h, then washed), 0.3 µM of SLF'-TMP was added to the cell culture medium for 15 min. The medium was briefly washed by PBS, then replaced by clear MEM or DMEM lacking phenol-red and incubated for 5 min to remove excess of SLF'-TMP before photo-activation.
In the "competitive MAC" approach on protein positioning, after the treatment of NvocTMP-Cl (5 μM, 1h, then washed), the cells were illuminated with a 405 nm laser, leading to translocation of a POI (e.g. Rac1)
from the first location (e.g. cytosol) to the second location (e.g. PM or mitochondria); after the treatment of SLF*-TMP (10 or 15 µM), the POI was rerouted from the second position (e.g. PM or mitochondria) to the third location (e.g. nucleus); and after briefly rinse the cell (1×PBS), the addition of TMP (10 μM) led to 5 the translocation of the POI from the third location (e.g. nucleus) back to the cytosol (the initial location).
Additional rounds are possible by applying further TMP wash-out (3×PBS) and S*T addition.
In the "competitive MAC" approach on organelle positioning, the cells were pre-treated with NvocTMP-Cl In our experiments, we recapitulated these of events in an individual cell by directly controlling the dynein and kinesin activities on peroxisomes using the "competitive MAC" approach ( Figure 3 ). This approach resulted in the expected net direction of cargo transport, which is thus in full agreement with the model of a dynein/kinesin-based "tug-of-war". C) The inversed bidirectional transport event, which corresponds to the scenario shown in Figure S12 .
Supplementary Movie Legends
Movie S1: Parallel MAC. Before adding ST dimerizer, the overexpressed cytosolic Citrine-eDHFR-Rac1* caused significant background activity revealed by many membrane ruffles. The addition of ST dimerizer reduced the amount of ruffles, suggesting that the basal activity of Rac1* has been largely reduced. Finally local photoactivation at the rectangular area led to prominent local membrane ruffles formed only at the region of photoactivation (ROP).
Movie S2: Multi-directional activity control of Rac1 positioning. Rac1 was recruited to the plasma membrane after PA, translocated to the nucleus after adding S*T, and was rerouted back to the cytosol after adding TMP.
Movie S3:
Competitive MAC where cargos were first transported to cell periphery then to cell center. 
